Objectives: To determine maternal responses to detection of a minor structural variant, the choroid plexus cyst (CPC), in their fetus on prenatal ultrasound.
Introduction
In recent years, a mid-pregnancy comprehensive ultrasound to evaluate for fetal anomalies has become a standard part of prenatal care. Ultrasound technology has advanced significantly and allows for the detection of several structural variants in the fetus that occur during development. Typically, practitioners relate these findings to parents despite the paucity of information about their functional significance.
One of the most common and most controversial of these findings is the choroid plexus cyst (CPC), which is detected in 1 to 3.6% of fetal brains on mid-pregnancy ultrasound. [1] [2] [3] [4] Choroid plexus cysts have elicited concern because they are visualized on prenatal ultrasound in fetuses with trisomy 21 and as many as 53% of fetuses with trisomy 18. 5, 6 Usually, other abnormal ultrasound findings differentiate these chromosomal aneuploidies from an isolated CPC. [7] [8] [9] However, several studies have reported that an isolated CPC on prenatal ultrasound may confer a slightly higher risk of trisomy 21 3,10 and 18, 1, 11, 12 which becomes more significant if additional risk factors, such as advanced maternal age, are present. [12] [13] [14] [15] [16] [17] Alternatively, several studies also indicate that when detected in isolation, CPCs are benign variants that do not confer an increased risk of trisomy 18 or 21. 5,7,18 -22 Recently, the American College of Obstetricians and Gynecologists recommended that an isolated CPC in a woman without other risk factors for aneuploidy is not a definitive indication for amniocentesis. 23 Owing to this conflicting information, there is no standard by which obstetricians are guided for counseling parents when an isolated CPC is detected. There is controversy among investigators and practitioners about this issue. Filly et al. 24 have focused on the benign nature of the CPC and the negative emotional impact of discussing the risk for fetal aneuploidy in low-risk women in whom an isolated CPC is detected. The authors conclude that low-risk women need not be counseled that CPC detection increases the risk of trisomy. Alternatively, Doubilet et al. 25 highlight the small increase in trisomy risk in some subgroups and argue that withholding information about ultrasound findings in order to decrease maternal anxiety is paternalistic.
While significant controversy exists about the appropriate way to counsel women when a CPC is detected, women's responses to the diagnosis have not been well characterized. This report, part of a larger study investigating whether isolated CPCs pose any hazard for fetal and child development, focuses on the maternal experience when an isolated CPC is detected, including the information that they receive, their reactions to the information and their psychological responses. Our hypothesis is that women experience anxiety about both the presence of an abnormal structure in the brain of their fetus and the association of this structure with aneuploidy. The objective of this report is to describe women's experiences and responses to the prenatal detection of a fetal CPC. Our goal is to better understand the maternal experience, and provide information to guide practitioners in counseling when a CPC is detected.
Methods

Participants
Participants were women in whom an isolated CPC was detected in mid-pregnancy during a comprehensive ultrasound exam at an urban, university-based hospital and affiliated satellite center, or were referred for evaluation from a local provider following CPC detection. Of the 3254 of women receiving anatomy scans from 1 December 2001 to 16 March 2004, CPCs were identified in 118 (3.6%) women. Of these, 13 potential participants were excluded based on study entry criteria due to abnormal ultrasound findings in addition to CPC (5), of which two had chromosomal aneuploidy (trisomy 18) diagnosed by chorionic villus sampling or amniocentesis, pregnancy complications (3), smoking or other substance use (3), or age less than 18 years (two). Seventy-seven (73.3%) of the remaining eligible women were offered study participation. Twenty-five expressed interest, but did not call to enroll. Other women who did not enroll had scheduling problems (3), lived too far or anticipated moving (6), or simply declined participation (8) . A total of 35 women were enrolled. A language barrier precluded interview administration to one participant.
Design
Women were notified of the study by a sonographer or obstetric practitioner after results of their ultrasound had been discussed with them by the attending physician. There is no standard for counseling about a CPC and we were interested in characterizing responses to current counseling practices. Therefore, we did not attempt to influence physicians' means of providing information to women about the CPC. The study was approved by the Institutional Review Board and women provided written, informed, consent. Interviews were conducted by a trained research assistant or nurse clinician at 24 weeks gestation; this corresponded to the intial visit of the larger study. Interviews lasted approximately 15 min. No information was provided about CPCs by the research staff before the interview; questions from participants were deferred until the completion of their interview.
The interview included both open-ended and more specific questions. The open-ended questions addressed the circumstances surrounding the detection of the CPC, the nature of the information provided, the participant's understanding of the CPC and its significance, whether additional information was sought, and the source and value of that information. We asked about whether genetic counseling and amniocentesis were recommended and pursued. Finally, we inquired about women's emotional response to the detection of the CPC and how it affected their pregnancy. Opportunities were consistently available for women to relate any unsolicited information that they wanted to share. As interviews included both qualitative and semiquantitative components, we did not stop interviewing participants when saturation of qualitative ideas was reached. Interviews were audio taped and transcribed verbatim.
Qualititative data analysis
For analysis of qualitative responses, we utilized a modification of thematic content analysis process. 26 All members of the research team reviewed the transcribed responses. Using the nominal group technique, we identified common themes that were expressed in the interviews. Several categories of responses were identified for each theme. Two investigators then re-reviewed each transcribed response in detail, independently. Quotes from individuals were abstracted manually and placed into categories by each of the reviewers independently. Comparisons of categorization schemes revealed few disagreements; these were resolved by re-analysis and consensus. Initial validation was undertaken by a study consultant with expertise in qualitative analysis who was not involved with the study.
Statistical analysis
Statistical analyses included t-tests for comparing means. To test for associations among variables, we used w 2 for categorical data, Pearson correlation coefficients and simple linear regression for continuous variables, and logistic regression for dichotomous variables. Analyses were completed with Stata 8. 27 Results are reported as a mean±standard deviation. A P-value of less than 0.05 was considered statistically significant.
Results
In general, participants were college educated (mean maternal years of education 16.6±2.5 years), married (85.7%), employed (100%), and had private insurance (97%). Women's mean maternal age was 32.2±5.2 years. Only 11.8% were a racial or ethnic minority, comprised primarily of African American (5.9%) or Asian (5.9%) women. Most were primiparous (58.8%) and had a planned pregnancy (80%). Of those with a planned pregnancy, 18% underwent infertility treatment.
Responses are organized into the following categories: features of the diagnostic situation, accuracy of information recalled after the diagnosis, subsequent information seeking, resultant genetic testing, affective responses and reasons women participated in this study. In each of the following sections, we identify commonalities in responses and present them in quantitative format. As this approach fails to convey the full nature of the experiences conveyed to us in the interviews, verbatim quotes are used to illustrate recurring themes.
Diagnostic situation
The mean gestational age at CPC detection was 18.86±1.29 weeks. The mean period of time that lapsed between the initial CPC diagnosis and the interview was 38±9 days, ranging from 23 to 58 days. The majority (71%) of participants were informed of the CPC by an attending or local obstetrician at the conclusion of their ultrasound exam. Three women received the diagnosis from a local referring provider, and then had it confirmed on the ultrasound done at the tertiary center. One woman was referred after having been notified about the CPC over the phone by a nurse several days after the ultrasound. Three participants were informed by the ultrasonographer during the ultrasound examination. Six participants did not specify the source of information. All reported that the information that they received from their local referring provider was not the same as that provided by the university attending physician. These women were not specifically asked to comment subjectively, but uniformly revealed that the latter provided more comprehensive information, 'in a way that wasn't quite as frightening.' Participants stated that, ' ythe maternalfetal medicine specialists seemed to give more accurate data than my providers,' and that, 'ytalking to the doctor after the scan here (referral center) made me feel better.' Slightly over one-third (35%) were shown the CPC on ultrasound.
Accuracy of knowledge
Seventy-nine percent of participants had never heard of a CPC before the diagnosis. In response to questions regarding details and significance of CPCs, 74% of women provided a general physical description, 'yit's a tiny cyst in the baby's brain,' and 50% displayed some knowledge about the physiology of the CPC, 'ycysts in the part of the brain that produces spinal cord fluid; a soft marker for trisomy 18 or 21.' Six percent were unable to give factual information about the CPC, and expressed uncertainty about it, 'ywe were handed a piece of paper and she said that there is something in the baby's brain which created additional anxiety. I wasn't clear about anything and the doctor asked, 'Do you have any questions?' and my mind was blank so I said, 'No.' or 'They described it to me as an anomaly and they did not know at this point what it was.' When asked about the significance of the CPC, 82% of women felt that it was likely benign, 71% expressed that it is marker for trisomy, and 53% mentioned that it could be both. Seventy-nine percent of women who felt that a CPC could be related to trisomy also understood that other factors (i.e. maternal age, serum screen results, etc.) influenced the probability of trisomy in the context of CPC detection. Women in whom serum screen results indicated an increased risk for trisomy were less likely to describe the CPC as benign when compared to women with normal serum screen or no diagnostic testing (odds ratio (OR) ¼ 0.04, 95% CI ¼ 0.004-0.36, P ¼ 0.004). Women older than 34 years were not more likely than younger women to describe the CPC as a trisomy marker (OR ¼ 0.85, 95% CI ¼ 0.19-3.71, P ¼ 0.825).
Raters evaluated the degree and accuracy of knowledge expressed by each participant, which were scored on a scale of 1-3. Eighteen percent gave responses that were rated as naïve (scale score ¼ 1), such as, 'ythere's a small thing in the baby's brain.' Sixty-two percent revealed an average level of understanding (2) that included more detailed knowledge of location or mention of association with trisomy. Twenty percent of participants gave advanced responses (3) to questions about the CPC that included some understanding of physiology such as, 'it was in the part of the brain that makes cerebrospinal fluidyit wasn't a cyst, but they didn't have a better name.' Eighteen percent gave incorrect information about a CPC such as, 'it's a space at the base of the brain where it was supposed to be filled with brain but wasn't,' or 'it would eventually fill with brain or evaporate or get soaked into the body.' When examined by maternal education level, (categorized as high school or less, college or post-baccalaureate) higher educational attainment was associated with more sophisticated understanding of the CPC, as categorized above (w 2 ¼ 21.72, P<0.001).
Information seeking
Most women (77%) reported seeking additional information about CPCs beyond what was given by their provider at the original diagnosis. Sources ranged from medical texts to internet chatrooms. Specific sources that women utilized are listed in Table 1 . Sixty-two percent of the participants who sought additional information believed that the information they found was more helpful than that given by the provider at the original diagnosis; 15% found it less helpful, and 15% found it as helpful as the information given by their physician; 8% did not state which was more helpful. Ninety-four percent of the women who found outside information more helpful had accessed medical information sources and many expressed a need to confirm what they had heard from their physician. The majority of participants (65%) utilized the internet to find more information. One indicated that, 'I found it more helpful because I wanted the numbers myself.' However, another found that the initial search reinforced her fears, because the CPC keyword generated numerous trisomy 18 'hits'. The nonmedical 'chat-room' sites were described negatively by 25% of those who accessed them. One woman stated that, 'yon the internet there are things that you better not read because they are not the best information,' and several found these sites, 'to be sort of ridiculous and inflammatoryya lot of hysterical parents.' However, another stated, 'I would say equally helpful, if not more, because it was real other people. Hearing people's experiences was more reassuring.'
Subsequent testing
The majority of women (65%) had a serum screen before CPC detection as part of prenatal care. Six women had amniocentesis (5) or chorionic villus sampling (1) before CPC detection for maternal age (5) and past fetal aneuploidy (1). After CPC detection, three (9% of the total sample) women sought genetic counseling and amniocentesis specifically in response to the CPC, without any other indication. In spite of accurate counseling about low trisomy risk when the isolated CPC was detected, these low-risk women could not be reassured: 'My husband was very nervous because he thought the word (genetic) 'counselor' meant that they were going to be like, 'it's OK, cry on our shoulder.'' All of the women who had amniocentesis specifically because of the CPC described it as a negative experience.
'After the amnio, I worried about it for two weeks. I went to the ER one night just to find out if there was a heart beat.' 
Affective responses
When women were asked, in an open-ended way, to describe their emotions when the CPC was detected, 88% described an intensely negative immediate reaction. Commonalities in responses are listed in Table 2 . Women described experiencing a physical force:
'It felt like something hit me.' 'ythen all of the sudden, BOOM! -there is something that we see. ' 'You come to find out the sex of the baby and have the bomb dropped on you. ' They describe vivid images of physical problems or changes, 'I suddenly didn't feel pregnant anymore, feeling like I had an illness or disease and possibly having to remove it like you remove a tumor.' Most women (68%) reported that their initial overwhelming reaction to the CPC diagnosis was temporary. Women who had a greater number of days pass between the initial CPC diagnosis and their interview were more likely to report that their response to the diagnosis was temporary (OR ¼ 1.13, 95% CI ¼ 1.002-1.28, P<0.05). Only half of the women with a reassuring serum screen and none with an abnormal serum screen described their reaction as temporary. Of the 12 women who underwent amniocentesis, 50% offered that their negative feelings diminished only after they received normal amniocentesis results, 'We were petrified. It was a 3-week ordeal until we got the amnio results back.' Neither increased maternal age (OR ¼ 0.87, 95% CI ¼ 0.72-1.05, P ¼ 0.15) nor visualization of the CPC on ultrasound (OR ¼ 0.5, 95% CI ¼ 0.1-2.5, P ¼ 0.4) were associated with persistence of the initial negative response. Sixty-eight percent of women revealed that they continued to experience negative emotions about the CPC several weeks after they received the diagnosis; characteristics of these emotions are summarized in Table 3 . Later emotional responses were described by women as less intense, and of a different nature. Responses included grieving, feeling burdened with anxiety, diminished pleasure in pregnancy and decreased attachment to the baby, ' It's been a heavy burden to carry through the normal daily activities.' 'Until the baby comes and it's normal and healthy, there will always be some underlying anxiety.' 'Every time the baby kicked, I thought, 'there is something wrong with this baby.' 'I was more distant, (from the baby) although I would like to say that I wasn't.' By the time the interview was administered at approximately 24 weeks gestation, 85% of women did not think the CPC was affecting their baby at that time. Fifteen percent were not sure. However, more women (27%) expressed concern about how the CPC may affect their baby in the future. Six percent of women felt that it would affect their baby, and 21% were unsure about future effects, ' Even though the findings say there is nothing wrong, you don't know what that means long-term. ' Some were worried about the baby's neurodevelopment, ' Most studies aren't looking at the link between cysts on the ultrasound and later mental or psychological phenomenon, abnormal function.' 'We wanted to confirm thatythe CPC, itself wasn't going to cause any brain damage by being there.' 'The scary thing is that anything with the mind could deal with personality and developmental issues. If there's something structurally wrong, you can fix it, but you can't fix that. ' Other women feared potential unknown risks that could be associated with a CPC, 'I worry for it being a marker of other types of cysts for body systems.' 'This could have some effect you don't know, like more prone to aneurysms. ' Women were asked to rank, on a scale of 0 to 5 (0 ¼ none, 5 ¼ very dangerous), the degree of danger that the CPC conferred on their child. Responses ranged from 0 to 3, with a median of 1. Only 38% responded with a 0, that is, felt that there was no danger associated with the CPC. We did not ask women at 24 weeks whether their impression about the danger of the CPC had changed since diagnosis. However, six women offered that they would have Response to prenatal choroid plexus cyst detection EA Cristofalo et al given a much higher danger score at the time of CPC detection, before they were able to obtain more information, or amniocentesis results. There was no correlation between women's perception of danger of the CPC and the duration of time since the initial ultrasound diagnosis (r ¼ 0.04). Women who visualized the CPC on ultrasound at diagnosis reported similar danger scores to women who did not (mean recalled early danger scores ¼ 1.36±1.75 vs 1.25±1.22, t(31) ¼ À1.56, P ¼ 0.13, mean danger scores at time of interview ¼ 0.70±0.78 vs 1.25±1.22,
Reasons for participation At the conclusion of the interview, we asked women to share their reasons for participating. The majority (68%) expressed that they did not want women to have to live through the fear and anxiety that they experienced,
'I thought about other women by the thousands who have been through exactly what I have and that's horrible.'
They felt that contributing to the information about outcomes in babies with a prenatally detected CPC would help to alleviate some of that fear.
'I know how I felt. It would be better for other women when they could have more information from the study.'
Some expressed concern about the effects of anxiety about the CPC on the developing fetus, 'I'm afraid that the stress caused more problems than the CPC.'
'yit wouldn't require other women to go through the same kind of stress that I went throughyI can't imagine that it was good for the baby or for me.'
Forty-one percent of participants expressed that contributing to the knowledge base about CPCs was rewarding and drove them to participate, ' If there was something that could be done that might alleviate some one else from getting this news and having it mean something, but not reallyyif there's any way to help with that, it's helping me feel better.'
'I would like to contribute to that literature because I think that our technology does open up a lot of information and I'm not sure it's always good information.'
Fifty-six percent desired the monthly ultrasounds that were part of the study protocol to provide them with additional prenatal reassurance that they welcomed after the scare caused by the CPC, ' Certainly the primary reason to participate is so that we can have more eyes on this baby now.'
Twelve percent were interested in the neurodevelopmental testing that is part of the postnatal study protocol, 'I thought the testing would be interesting after the baby's born. Maybe that might reassure me.'
Discussion
Results from this study reveal that prenatal CPC detection generates a range of intense emotional reactions in women. The intensity generated in these interviews was unanticipated, as providers at this tertiary hospital appeared to convey accurate information regarding the benign nature of an isolated CPC. 30 in response to nondefinitive ultrasound findings. Some of these emotions have been reported to be stronger following an uncertain diagnosis than a negative, but less ambiguous one. 30 Routine prenatal ultrasound is a positively anticipated event for families who may not fully comprehend that it is a tool used to screen for abnormalities. They do not expect to hear uncertain or bad news, [31] [32] [33] [34] or to be confronted with dilemmas about invasive diagnostic procedures. The general impression given to us by these participants is that regardless of how technically accurate or reassuring the provider, parents have difficulty focusing on information once a 'condition' involving the fetal brain has been mentioned. When the association of CPC with chromosomal anomalies and the suggestion of further testing are coupled with this, the nuance that seeks to reassure parents that the CPC does not represent a hazard to the fetus may simply not be one that they can digest in an ultrasound exam setting or a single counseling session. Efforts by the provider to minimize parental distress by showing them the CPC did not affect the quality or duration of women's response to the CPC, or their impression of its risk to their child. In fact, because a CPC appears as an echolucent area within the echogenic choroid plexus, it was interpreted by some of our participants as an absence of brain tissue.
Once the initial shock had waned, most women sought additional information beyond that given by the provider and most reported this information to be more useful. The value of outside sources was generally described as reinforcing information that had been provided at the diagnosis. The search for more information may have been motivated by the women's interpretation of the CPC as a brain anomaly that could be associated with trisomy, which contradicted their providers' attempts to reassure them. The greater perceived utility of additional information may be due to women's ability to process the information in a less emotionally charged atmosphere. In today's world the use of the internet as a primary tool of information seeking is a reality. A number of sites focused on prenatal CPCs exist, including ones that describe 'survivor' stories. Given that the majority of women in this study turned to internetbased sources for additional information, providers should consider developing a brief list of sites that contain accurate information and distributing at the time of diagnosis.
Three low-risk participants (9%) underwent amniocentesis simply because of anxiety following CPC detection; four others with a previously known risk factor (maternal age or abnormal serum screen) elected the procedure only after CPC detection. Women in both groups received counseling regarding the likelihood of detecting a trisomy with the additional finding of an isolated CPC. However, these women sought invasive diagnostic testing primarily to allay anxiety. They described very negative reactions to amniocentesis, and significant anxiety while anticipating the results. Such reactions to amniocentesis are not uncommon. 29, 35 However, women in this study also reported feelings of guilt in having undertaken a risk for the fetus principally to assuage their own anxiety.
A range of 23 to 58 days had elapsed from the CPC diagnosis to the interview in this report. Although women most reported feeling less troubled by the diagnosis by this time, the vividness with which they described their psychological response in the period following detection was unabated. A quarter of the sample still retained doubts regarding the potential long-term effects on their child, and this was not influenced by the duration of time that had elapsed. An anecdote from the literature describes a father who still described his normal 3-year old as 'brain-damaged' because of CPC detection on prenatal ultrasound. 36 Perhaps most concerning was the degree to which women expressed either transient or persistent feelings of heightened pregnancy burden and stress as well as decreased attachment to the fetus. Both are cause for concern, given that psychological distress during pregnancy has been associated with a range of deleterious outcomes [37] [38] [39] and prenatal psychological attachment to the fetus has important implications for subsequent maternal attachment to and interaction with the child. 40 Consistent with our other studies of fetal development, women who participate as volunteers tend to be relatively highly educated. As a result, the primary limitation of this study is that participants who are most concerned about the diagnosis may be overrepresented in this sample; thus, we may be overestimating the magnitude of maternal negativity to CPC detection. Women who were interviewed also participated in a larger study that involved monthly ultrasounds and four 50 minute sessions of fetal monitoring, thereby further restricting participation to motivated women. However, in response to our query concerning their motivation for participation, 91% explicitly mentioned altruistic reasons; that is, they wanted to spare other women from experiencing the uncertainty that they had experienced and/or wanted to aid scientific understanding.
A second limitation is under-representation of ethnic and racial minorities in the study. The center at which the study took place serves a diverse population and there is no evidence that a CPC is more common in any given racial or ethnic group. We can therefore conclude that this is due to self-selection. Cultural factors that kept minority women from participating in this study may have influenced their response to CPC detection, as well. Although no apparent differences were noted in the responses of the subset of minority women in this sample when compared to the larger group, statistical confirmation of this is not possible due to their low representation.
Results of this study support the conclusions of an aptly titled article, Obstetrical Sonography: The Best Way to Terrify a Pregnant Woman. 41 Estimates of CPC detection during mid-term ultrasounds range from 1 to 3.6%, [1] [2] [3] [4] making it one of the most guilty culprits. We found that CPC detection generated a significant degree of transient emotional distress in our study participants. Negative emotions may persist to an even greater degree in women who do not have the opportunity to be reassured by the monthly ultrasounds that were part of our study protocol. Such distress could affect the psychological experience of the pregnancy, with the potential for more persistent consequences for both mother and infant. These issues should be given consideration in the debate regarding counseling when CPCs are detected, and contribute to the development of procedures designed to mitigate negative parental reactions.
In our investigation, participants who were given the CPC diagnosis by a provider who referred them to a tertiary center uniformly expressed that their primary provider gave inaccurate information that provoked fear. It is possible that the referral, itself, and the anticipation of the subsequent ultrasound escalated anxiety. In order to minimize this response, referring providers should provide accurate information and reliable resources about the CPC. It may be most efficacious to provide written information for parents to read and interpret outside of the emotionally charged setting in which the diagnosis is made and create a mechanism by which they can have later questions answered.
Others have previously suggested that patient education about potential findings on routine ultrasound exams should be made more explicit to parents before the procedure. 28, 36, 42 This approach may be useful, as well, given the frequency of CPC detection and other structural variants detected on prenatal ultrasound that could elicit similar responses in parents. Although it may not seem practical or desired, providers should be aware that although they may intend to deliver a message that isolated CPCs are benign indicators, the immediate circumstances significantly interfere with its receipt.
